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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a method and
apparatus for manufacturing a stiffened panel, and a da-
tum part for use in such a method.

[0002] A datum partis known from GB2405119, which
shows the features of the preamble of claim 1. A method
of manufacturing a stiffened panel is known from
US5341556.

BACKGROUND OF THE INVENTION

[0003] A stringer tang is a tab of metal that extends
longitudinally from the end of a stringer. This tab is used
as a reference datum and has a bolt-hole therein. The
tang is secured to a reference point on a jig (which is a
known datum with respect to a panel) and hence locates
the stringer spatially in relation to the panel. The stringer
tang itself allows the stringer to be bolted to and struc-
turally supported by the jig. Thus, the stringer is located
in the correct position in relation to the panel.

[0004] The stringers are then riveted or fastened to the
panel whereupon the entire assembly is released from
the jig by removing the panel plus the stringers from the
jig. The tangs are then cut off and the areas around them
are treated to remove any protuberances orrough edges.
This is a time consuming and laborious process.

SUMMARY OF THE INVENTION

[0005] A first aspect of the invention (claim 1) provides
a datum part for manufacturing a stiffened panel com-
prising a base; and a pair of side stop blocks extending
from the base and positioned towards the periphery of
the base; wherein one of the side stop blocks is formed
with a resilient spring, the datum part further comprising
a resilient clip comprising a flexible cantilever arm and a
projection which is configured to engage a stringer to
form a snap-fit joint.

[0006] A second aspect of the invention (claim 8) pro-
vides a method of manufacturing a stiffened panel, the
method comprising: holding the panel with a jig; holding
a datum part with the jig; engaging the panel and the
datum part with a stringer; and joining the stringer to the
panel, wherein the datum part comprises a base and a
pair of side stop blocks extending from the base and po-
sitioned towards the periphery of the base, wherein one
of the side stop blocks is formed with a resilient spring,
and wherein the method further comprises: engaging the
stringer with side stop blocks; flexing the resilient spring
to account for variation in width of the stringer, and se-
curing the stringer to the datum part with a resilient clip
comprising a flexible cantilever arm and a projection by
pushing the stringer down so that the arm bends back
and then snaps back resiliently into place to provide a
snap-fit joint.
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[0007] The second aspect of the invention removes
the requirement of stringer tangs. That is, the datum part
enables the stringer to be located in the correct position
in relation to the panel without requiring the stringer to
be formed with atang. Datum blocks with different shapes
and sizes can be used in the manufacture of a single
panel, each tailor-made to fit a respective stringer. In this
case the method comprises: holding a plurality of datum
parts with the jig, at least two of the datum parts having
a different shape or size; engaging the panel with a plu-
rality of stringers; engaging each datum part with a re-
spective one of the stringers; and joining the stringers to
the panel.

[0008] Typically the datum part further comprises one
or more height stops extending from the base by a first
distance, wherein the side stop blocks extend from the
base by a second distance greater than the first distance.
[0009] Preferably an additive process is used to form
the datum part. By growing the datum part in a series of
layers, the shape of each layer can be selected to enable
the shape or size of the datum part to be optimised.
[0010] Typically each layer is grown by directing ener-
gy and/or material from a head to selected parts of a build
region. The head and the build region may remain sta-
tionary during the growth process: for example the head
may have a fixed array of lasers and/or nozzles which
extend over the entire build region and are modulated as
required to directing energy and/or material to selected
parts of the build region. However more preferably the
method further comprises causing relative movement be-
tween the head and the build region. Preferably this rel-
ative movement is caused by moving the head, but it will
appreciated that the relative movement may be caused
by moving the component or by a combined movement
of both parts.

[0011] Various additive fabrication techniques may be
used, including techniques in which the head directs ma-
terial to selected parts of the build region, and techniques
in which a series of beds of material are deposited on
the build region and the head directs energy to selected
parts of each bed.

[0012] Examples of the former include fused deposi-
tion modelling (in which the head extrudes hot plastic
through a nozzle) and powder feed fabrication (in which
a laser beam directs energy to fuse a powdered material
as itis delivered to the build region). Advantages of these
methods are that:

@ the amount of wastage of materialin the fabrication
process is minimized;

@ the datum part can be made from a different ma-
terial to the component; and

® the datum part can be rotated relative to the head
during the fabrication process in order to form a com-
plex shape.
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[0013] Examplesofthe latterinclude stereolithography
(in which a laser is used to cure selected parts of a bed
of liquid photopolymer) and powder bed fabrication (in
which a series of beds of powder are deposited on the
build region and selected parts of each bed are fused by
a laser). Advantages of using the head to deliver energy
to the selected parts of a previously deposited bed of
material are that:

@ unconsolidated parts of each bed can support suc-
cessive beds, enabling relatively complex shapes to
be formed.

[0014] Typically the datum part is formed by fusing a
powder, forinstance in apowder bed process or a powder
feed process.

[0015] Typically the stringer extends lengthwise be-
tween a pair of end faces, and the datum part engages
one of the end faces of the stringer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] Embodiments of the invention will now be de-
scribed with reference to the accompanying drawings, in

which:

Figure 1 shows a jig profile board, a skin and a set
of stringers;

Figure 2 shows a jig profile board, a datum part and
a stringer run-out;

Figure 3 is a perspective view of the datum part;

Figure 4 is a perspective view of the stringer run-out
and datum part;

Figure 5is an enlarged perspective view of the string-
er run-out and datum part;

Figure 6 is an end view of the stringer run-out and
datum part;

Figure 7 is a perspective view of a nest plate;

Figure 8is a perspective view of the nest plate show-
ing the pair of tips removed;

Figure 9 shows another part of a stringer;

Figure 10 is a perspective view of the datum part
shown in Figure 9;

Figure 11 is a plan view of the datum part shown in
Figure 9;

Figure 12 is a perspective view of an alternative da-
tum part;
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Figure 13 is a perspective view of an alternative da-
tum part;

Figure 14 is a perspective view of a stringer fitted to
the datum part of Figure 13; and

Figure 15 shows a powder bed additive manufactur-
ing system.

DETAILED DESCRIPTION OF EMBODIMENT(S)

[0017] Figure 1 shows a step in the assembly of a stiff-
ened panel which forms the upper or lower skin of a wing
box. The wing box comprises an upper and lower skin,
each skin carrying a series of stringers on its inner surface
which run in a span-wise direction along the wing box. A
series of ribs run in a chord wise direction across the
wing box and are joined to the upper and lower skins.
Each stringer has an inboard end (conventionally known
as a "stringer run-out") adjacent to the inboard rib (which
is conventionally known as "rib 1") and an outboard end.
[0018] Figure 1 shows the inboard run-outs of three
stringers 1-3, a profile board 4 and a skin 5. The profile
board 4 forms part of a jig, and has the same shape and
size as "rib 1" of the wing box. The skin 5 is held by
another part (not shown) of the jig.

[0019] As shown in Figure 2 a datum part 10 is held
by the profile board 4. Note that the datum parts are not
shown in Figure 1. A vertical plate 11 of an L-shaped
bracket is secured to the profile board 4 by fasteners 12,
and the datum part 10 is secured to a horizontal plate 13
of the L-shaped bracket by fasteners 14.

[0020] The upper face of the datum part 10 is shown
indetailin Figure 3. A plate 20 carries three stringer height
stop blocks 21, a pair of resilient clips 22, and four stringer
side stop blocks 23-26 at the periphery of the plate 20.
The left-hand stop blocks 23 and 25 are formed with re-
silient springs 23a and 25a.

[0021] After the datum part 10 has been fixed in place
on the profile board 4, the inboard end of a stringer 30 is
clipped into place on the datum part as shown in Figure
2. The structure of the stringer 30 is shown most clearly
in Figures 4 and 6. The stringer 30 comprises a web 31,
a pair of upper flanges 32,33 and a pair of lower flanges
34,35. As shown most clearly in Figure 4, the upper flang-
es 32,33 are terminated short of the end of the stringer,
and the web 31 has a tapered edge 36 extending beyond
the end of the upper flanges 32,33.

[0022] When fixed to the datum part, the lower faces
of the lower flanges 34,35 engage the stringer height stop
blocks 21, and the sides and ends of the lower flanges
34,35 engage the nesting faces of the four stringer side
stop blocks 23-26, as well as being secured against ver-
tical movement by the clips 22.

[0023] As can be seen most clearly in Figure 6, the
height stop blocks 21 extend from the plate 20 by a first
distance, and the side stop blocks 23-26 extending from
the base by a second distance greater than the first dis-
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tance.

[0024] Figure 5is an enlarged perspective view show-
ing one of the clips 22 in detail. The other clip 22 has a
similar form and works in a similar manner. The clip 22
has a cantilever arm 27, and a projecting nose configured
with a curved upper edge 28 and sharp lower edge 29.
As the stringer is pushed down, the edge of the flange
34 engages the curved upper edge 28 and the arm 27
bends back. As the edge of the stringer flange 34 clears
the sharp edge 29, the clip snaps back resiliently into
place to provide a cantilever snap-fit joint which locks the
stringer securely against vertical movement as shown in
Figure 4.

[0025] The resilient springs 23a,25a can flex to ac-
count for slight variations in width of the stringer.

[0026] Figure 7 shows a nest plate 40. A series of such
nest plates are held by the jig at spaced locations along
the length of the stringer. The nest plate comprises a
series of holes 41 which receive fasteners (not shown)
for fixing the nest plate to the jig, and a slot 42 in an upper
edge of the plate. The upper edge of the plate also carries
a pair of renewable tips 43,44. After the inboard end of
the stringer 30 has been fixed in place as shown in Figure
2, the nest plates 40 are moved towards the stringer by
the jig, until the upper flanges of the stringer are received
in the slot 42, and each lower flange 34,35 is engaged
by a respective one of the renewable tips 43,44 which
press the lower flanges 34,35 against the skin. A resilient
spring 47 is provided on one side of the slot 42. The
spring 47 is separated from the body of the nest plate by
a gap 48, and can flex to account for slight variations in
width of the stringer.

[0027] Asshown inFigure 8, each renewable tip 43,44
has a pair of pegs 45 which are received in holes 46 in
the upper edge of the nest plate 40. This enables the tips
43,44 to be removed and replaced by new tips in the
event that they become flattened over time due to the
clamping pressure. Furthermore, the tips 43,44 are
formed by a harder material than the nest plate 40 to
provide increased resistance to such flattening.

[0028] Figure 9 shows another part of the stringer 30.
At this point the skin is relatively thin, so a different meth-
od of interfacing with the jig is required. A datum part,
shown in detail in Figures 10 and 11, is held by a profile
board (not shown) of the jig. The datum part comprises
an arm 51 which extends from a block 50 and carries a
pair of clips 52 at its distal end which grip the sides of the
lower flanges as shown in Figure 9. The upper edge of
the block 50 has a pair of blocks 53, one formed with a
resilient spring 53a which can flex to account for slight
variations in width of the stringer..

[0029] An alternative datum part 60 is shown in Figure
12. The datum part 60 does not fall within the scope of
the present application. In this case the datum part has
an end stop 61 which engages an end edge of the lower
flanges of the stringer, and the sides of the stringer are
engaged by resilient springs 62-65. Note that no clips are
provided with this datum block.
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[0030] A further alternative datum part 70 is shown in
Figure 13. The datum part 70 comprises a plate 71 car-
rying two stringer height stop blocks 72, a pair of resilient
clips 73, and four stringer side stop blocks 75-77. The
stop blocks 76 and 77 are formed with resilient springs
76a and 77a.

[0031] As shown in Figure 14, after the datum part 70
has been fixed in place to a profile board 81 of the jig,
the inboard end of a stringer 80 is fitted to the datum part.
The profile board 81 represents "rib 1" of the wing - that
is, the inboard rib. When fixed to the datum part 70, the
lower faces of the lower flanges of the stringer 80 engage
the stringer height stop blocks 72, the lower flanges are
gripped by the clips 73, and the upper flanges engage
the springs 76a,77a and the nesting faces of the blocks
74,75.

[0032] After the stringers have been fitted to the vari-
ous datum parts 10,50,60,70 and the nest plates 40 have
been clampedin place, then the stringers are joined along
their length to the skin by fasteners (not shown). The
datum parts 10,50,60,70 ensure that the stringers are
held against the skin by the jig in precisely the correct
position before the fasteners are fitted.

[0033] The datum parts 10,50,60,70 and nest plates
40 are each grown in a series of layers by a powder bed
additive manufacturing system shown in Figure 15. The
powder bed system grows the part by scanning a laser
head laterally across a powder bed and directing the laser
to selected parts of the powder bed. More specifically,
the system comprises a pair of feed containers 90, 91
containing powdered metallic material such as powdered
Titanium.

[0034] A-roller 92 picks up powder from one of the feed
containers (in the example of Figure 15, the roller 92 is
picking up powder from the right hand feed container 91)
and rolls a continuous bed of powder over a support
member 93. A laser head 94 then scans over the powder
bed, and a laser beam from the head is turned on and
off under the control of computer-aided design (CAD)
model of the part, to melt the powder in a desired two-
dimensional pattern. The support member 93 then moves
down by a small distance (typically of the order of 0.1mm)
to prepare for growth of the next layer. After a pause for
the melted powder to solidify, the roller 92 proceeds to
roll another layer of powder over support member 93 in
preparation for sintering. Thus as the process proceeds,
a sintered part 95 is constructed, supported by uncon-
solidated powder parts 96. After the part has been com-
pleted, it is removed from the support member 93 and
the unconsolidated powder 96 is recycled before being
returned to the feed containers 90, 91.

[0035] The additive process shown in Figure 15 pro-
vides a convenient method of manufacturing the datum
parts 10,50,60,70 and nest plates 40 in precisely the right
shape and size for their intended purpose. Different da-
tum parts can be made by simply changing the CAD mod-
el. This enables the same jig to be used to manufacture
a variety of different panel designs, as well as giving the



7 EP 2 441 679 B1 8

ability of using datum blocks with different shapes and
sizes in the manufacture of a single panel, each tailor-
made to fit a respective stringer.

[0036] Although the invention has been described
above with reference to one or more preferred embodi-
ments, it will be appreciated that various changes or mod-
ifications may be made without departing from the scope
of the invention as defined in the appended claims.

Claims

1. A datum part for manufacturing a stiffened panel
comprising a base; and a pair of side stop blocks
(53) extending from the base and positioned towards
the periphery of the base; wherein one of the side
stop blocks is formed with a resilient spring (53a),
characterised in that the datum part further com-
prises a resilient clip (22) comprising a flexible can-
tilever arm (27) and a projection (28) which is con-
figured to engage a stringer to form a snap-fit joint.

2. The datum part of claim 1 further comprising one or
more height stops (21) which extend from the base
by a smaller distance than the side stop blocks.

3. The datum part of any preceding claim further com-
prising a pair of resilient clips (22), each resilient clip
comprising a flexible cantilever arm and a projection
which is configured to engage a stringer to form a
snap-fit joint.

4. The datum part of any preceding claim wherein the
resilient spring is configured to engage a stringerand
can flex to account for slight variations in width of
the stringer.

5. The datum part of any preceding claim further com-
prising one or more height stops (22) extending from
the base by a first distance, wherein the side stop
blocks extend from the base by a second distance
greater than the first distance.

6. The datum part of any preceding claim wherein the
resilient spring is separated from a body of the side
stop block by a gap.

7. The datum part of any preceding claim wherein the
datum part has been manufactured by an additive
process.

8. A method of manufacturing a stiffened panel, the
method comprising:

holding the panel with a jig (4);

holding a datum part (10) with the jig;
engaging the panel and the datum part with a
stringer (80); and
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joining the stringer to the panel,

wherein the datum part comprises a base and
a pair of side stop blocks extending from the
base and positioned towards the periphery of
the base,

wherein one of the side stop blocks is formed
with a resilient spring, and

wherein the method further comprises:
engaging the stringer with side stop blocks;
flexing the resilient spring to account for varia-
tion in width of the stringer; and

securing the stringer to the datum part with a
resilient clip (22) comprising a flexible cantilever
arm and a projection by pushing the stringer
down sothatthe arm bends back and then snaps
back resiliently into place to provide a snap-fit
joint.

9. The method of claim 8 wherein the datum part is a

datum part according to any of claims 1 to 7.

Patentanspriiche

1.

Bezugspunktteil zur Herstellung einer versteiften
Platte, umfassend eine Basis und ein Paar Seiten-
anschlagblécke (53), die sich von der Basis erstre-
ckenund hin zum Umfang der Basis positioniert sind,
wobei einer der Seitenanschlagblécke mit einer fle-
xiblen Feder (53a) ausgebildet ist, dadurch ge-
kennzeichnet, dass das Bezugspunktteil ferner ei-
ne elastische Klemme (22) umfasst, die einen flexib-
len Auslegerarm (27) und einen Vorsprung (28) um-
fasst, der dazu geeignet ist, mit einem Stringer in
Eingriff zu kommen, um eine Schnappverbindung zu
bilden.

Bezugspunktteil nach Anspruch 1, ferner umfassend
einen oder mehrere Héhenanschlage (21), die sich
von der Basis um einen kleineren Abstand als die
Seitenanschlagblécke erstrecken.

Bezugspunktteil nach einem der vorherigen Anspru-
che, ferner umfassend ein Paar elastischer Klem-
men (22), wobei jede elastische Klemme einen fle-
xiblen Auslegerarm und einen Vorsprung umfasst,
der dazu geeignet ist, mit einem Stringer in Eingriff
zu kommen, um eine Schnappverbindung zu bilden.

Bezugspunktteil nach einem der vorherigen Anspru-
che, wobei die elastische Feder dazu geeignet ist,
mit einem Stringer in Eingriff zu kommen, und sich
biegen kann, um eine leichte Schwankung in der
Breite des Stringers zu beriicksichtigen.

Bezugspunktteil nach einem der vorherigen Anspru-
che, ferner umfassend einen oder mehrere Hohen-
anschlage (22), die sich von der Basis um einen ers-
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ten Abstand erstrecken, wobei sich die Seitenan-
schlagblécke von der Basis um einen zweiten Ab-
stand groRer als der erste Abstand erstrecken.

Bezugspunktteil nach einem der vorherigen Anspri-
che, wobei die elastische Feder von einem Kdérper
des Seitenanschlagblocks durch eine Liicke sepa-
riert ist.

Bezugspunktteil nach einem der vorherigen Anspri-
che, wobei das Bezugspunktteil durch einen Addi-
tivprozess hergestellt wurde.

Verfahren zur Herstellung einer versteiften Platte,
wobei das Verfahren umfasst:

Halten der Platte mit einer Haltevorrichtung (4),
Halten eines Bezugspunktteils (10) mit der Hal-
tevorrichtung,

In-Eingriff-Bringen der Platte und des Bezugs-
punktteils mit einem Stringer (80) und
Verbinden des Stringers mit der Platte,

wobei das Bezugspunkiteil eine Basis und ein
Paar Seitenanschlagblécke umfasst, die sich
von der Basis erstrecken und hin zum Umfang
der Basis positioniert sind,

wobei einer der Seitenanschlagblécke mit einer
flexiblen Feder ausgebildet ist und

wobei das Verfahren ferner umfasst:
In-Eingriff-Bringen des Stringers mitden Seiten-
anschlagbldcken,

Biegen der elastischen Feder, um eine Schwan-
kung in der Breite des Stringers zu bertcksich-
tigen, und

Fixieren des Stringers am Bezugspunktteil mit
einer elastischen Klemme (22), die einen flexib-
len Auslegerarm (27) und einen Vorsprung (28)
umfasst, durch Driicken des Stringers nach un-
ten, so dass sich der Arm nach hinten biegt und
dann elastisch zurlick einschnappt, so dass eine
Schnappverbindung gebildet wird.

9. Verfahren nach Anspruch 8, wobei das Bezugs-

punktteil ein Bezugspunktteil nach einem der An-
spriiche 1 bis 7 ist.

Revendications

Guide de référence pour fabriquer un panneau raidi
comprenant une base ; et une paire de blocs de bu-
tée latéraux (53) s’étendant a partir de la base et
positionnés vers la périphérie de la base ; dans le-
quel I'un des blocs de butée latéraux est formé avec
un ressort élastique (53a), caractérisé en ce que
le guide de référence comprend une attache élasti-
que (22) comprenant un bras souple en porte-a-faux
(27) et une saillie (28) qui est configurée pour mettre
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en prise un raidisseur afin de former un joint encli-
quetable.

Guide de référence selon la revendication 1, com-
prenant en outre une ou plusieurs butées de hauteur
(21) qui s’étendent a partir de la base selon une plus
petite distance que les blocs de butée latéraux.

Guide de référence selon I'une quelconque des re-
vendications précédentes, comprenant en outre une
paire d’attaches élastiques (22), chaque attache
élastique comprenant un bras flexible en porte-a-
faux et une saillie qui est configurée pour mettre en
prise un raidisseur afin de former un joint enclique-
table.

Guide de référence selon I'une quelconque des re-
vendications précédentes, dans lequel le ressort
élastique est configuré pour mettre en prise un rai-
disseur et peut fléchir pour prendre en compte de
légéres variations en largeur du raidisseur.

Guide de référence selon I'une quelconque des re-
vendications précédentes, comprenant une ou plu-
sieurs butées de hauteur (22) s’étendant a partir de
la base selon une premiére distance, dans lequel les
blocs de butée latéraux s’étendent a partir de labase
selon une seconde distance supérieure ala premiére
distance.

Guide de référence selon I'une quelconque des re-
vendications précédentes, dans lequel le ressort
élastique est séparé d’'un corps du bloc de butée
latéral par un espace.

Guide de référence selon I'une quelconque des re-
vendications précédentes, dans lequel le guide de
référence a été fabriqué par un processus additif.

Procédé pour fabriquer un panneau raidi, le procédé
comprenant les étapes consistant a :

maintenir le panneau avec un gabarit (4) ;
maintenir un guide de référence (10) avec le
gabarit ;

mettre en prise le panneau et le guide de réfé-
rence avec un raidisseur (80) ; et

assembler le raidisseur au panneau,

dans lequel le guide de référence comprend une
base et une paire de blocs de butée latéraux
s’étendant a partir de la base et positionnés vers
la périphérie de la base,

dans lequel I'un des blocs de butée latéraux est
formé avec un ressort élastique, et

dans lequel le procédé comprend en outre les
étapes consistant a :

mettre en prise le raidisseur avec les blocs
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de butée latéraux ;

flechir le ressort élastique pour prendre en
compte la variation en largeur du
raidisseur ; et

fixer le raidisseur au guide de référence 5
avec une attache élastique (22) compre-
nant un bras flexible en porte-a-faux et une
saillie pour pousser le raidisseur vers le bas

de sorte que le bras se replie et ensuite re-
vient, de maniére élastique, en place, pour 70
fournir un joint encliquetable.

9. Procédé selon larevendication 8, dans lequel le gui-
de deréférence estun guide deréférence selonl’'une
quelconque des revendications 1 a 7. 15
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